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PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To improve hardness and toughness by 
directly bonding specific polycrystalline diamond powder 
to diamond powder of single crystal. 
CONSTITUTION: A mixture 2 of (A) 5-95vol.% 
polycrystalline diamond powder having 10-100nm 
diameter of primary particles and 100nm-50um diameter 
of secondary particle and (B) 95-5vol.% diamond powder 
of single crystal having 1-1 Oum particle diameter is 
sealed in a metallic capsule 1, a cover 3 bored with a 
hole 4 for vacuumizing is screwed into one end of the 
side of the capsule, the capsule 1 is evacuated through 
the hole 4 and the hole 4 is sealed. Then the capsule 1 
is packed into a momentum trap made by combining a 
storage part 5 of test specimen, a ring 6 and a disc 7, 

embedded in clay 9, an explosive compound 15 and a plane wave generator 17 are placed 
through a steel plate 14 on the trap, the explosive compound 15 is exploded, the shot metallic 
plate or bullet is collided at >1.8kg/second velocity when calculated under a collision condition 
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between stainless steels SUS, a high temperature and high pressure are generated and the 
diamonds are sintered to give sintered material of diamond having >85% density. 
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Claims 

1. A diamond sintered material characterized by the following facts: 55-95% of 
polycrystalline diamond powder with primary particle size in the range of 100-10 nm is mixed 
with secondary particle size in the range of 100 nm to 50 nm and 95-5% of essentially 
monocrystalline diamond powder with particle size in the range of 1-10 ixm, and the particles are 
directly bonded to each other without any other substance, except the inevitable impurities, so 
that they are essentially integrated. 
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2. The diamond sintered material of Claim 1 characterized by the fact that the density is 
at least 85%. 

3. The diamond sintered material of Claim 1 or 2 characterized by the fact that the 
diamond containing a minute quantity of graphite. 

4. The method for the production of the diamond sintered material any of Claims 1-3 
characterized by the following facts: a diamond powder as sintering raw material containing 
5-95 vol% of polycrystalline diamond powder with primary particle size in the range of 1 00 to 
10 nm and secondary particle size in the range of 100 mm to 50 |im and with the remaining 
diamond powder having a particle size of up to 10 is sealed in a metal capsule; then, impact 
is performed for a metal plate or bullet emitted using explosion of explosive, gunpowder gun, 
2-stage light gas gun or electrical method at a speed of 1 .8 km/sec or higher in the case of 
equivalent collision condition between SUS 304 stainless steel members so as to generate high 
pressure and high temperature for sintering. 

5. The method for the production of the diamond sintered material of Claim 4 
characterized by the fact that the polycrystalline diamond powder as the sintering raw material is 
polycrystalline diamond prepared by synthesis with impact ultra-high pressure and having 
primary particle size in the range of 100-10 nm and secondary particle size in the range of 
100-50 \im. 

6. The method for the production of the diamond sintered material of Claim 4 or 5 
characterized by the fact that the diamond powder as the sintering raw material is made of 
natural diamond and/or diamond synthesized under ultra-high static pressure. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a diamond sintered material with high hardness and 
toughness and prepared by sintering a diamond powder free of inclusions at ultra-high pressure 
and high temperature generated by impact, as well as its manufacturing method. 

Prior art 

In the prior art, there are the following two major manufacturing methods of diamond 
sintered materials. In one method, Co, Ni, or another metal is added to the diamond powder, and 
the mixture is pressed under ultra-high static pressure, while a high temperature is generated with 
a heater, so that sintering takes place with inclusion of metal to form a diamond sintered material 
Because the sintered material contains metal, when the sintered material is used as a cutting tool, 
the tool is weakened by the metal, which is weaker than the diamond, so that the performance is 
limited. In another method, diamond powder without additives is placed in a metal capsule, and 
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the ultra-high pressure generated by an explosion is directly transferred to it; or a metal plate, 
which is driven to move at high speed under ultra-high pressure generated by the explosive, is 
made to collide against the capsule, so that the diamond powder is compressed and molded to 
form a sintered material free of inclusions. For example, in Akashi and Sawaoka: Journal of 
Material Science, Vol. 22, pp. 3276, it is reported that sintered materials with a relative density 
of 88.5% and 91.0% with respect to the true density of diamond were obtained by applying an 
impact load of 90 G Pa on monocrystalline diamond powder having the two particle size ranges 
of 2-4 and 10-20 ^im, respectively. Also, in the reference of Yoshida, Tanaka, Aoki and 
Fujiwara: Dai2 Kai Daiyamondo Shinpojiumu Koen Yoshishu [Proceedings of 2 nd Diamond 
Symposium], December 14-15, 1987, p. 25, it is reported that a type of sintered material was 
obtained under impact pressure as the load applied to a sample having three particle sizes in the 
range of 5-7 ^m, 0.5-1 and 0-0.5 |im. However, there is no report of its hardness or other 
properties. Also, there is a significant variation in hardness, and no measurement was made of 
the pressing dent. In particular, it is reported that graphite formation of diamond becomes 
significant for the particle size range of 0-0.5 (xm. 
Problems to be solved by the invention 

When the aforementioned method is used with diamond particles of 500 nm or smaller, 
the high temperature that is generated together with the ultra-high pressure load converts the 
diamond particles to graphite, so that the high hardness characteristic of the diamond sintered 
material cannot be obtained. Consequently, sintering must performed on diamond particles 500 
nm or larger, or preferably several |im or larger. However, when particles of 500 nm or larger are 
used as the sintering raw material, although said graphite formation hardly takes place, the 
following three problems arise. 

The first is that as the diamond particles that are used as the raw material increase in size, 
the voids between particles naturally become larger. As a result, in order to bond the particles 
reliably, it is necessary to apply a deformation large enough to fill in said large voids between the 
diamond particles. In principle, if a pressure high enough to overcome the high deformation 
resistance due to the high hardness of the diamond particles is applied, the particles come in 
close contact with each other, and bonding can be realized by means of the high temperature 
generated at the same time. However, it is well known that diamond is a brittle material, and 
when treated under impact, cracks in the diamond particles inevitably are generated. Although 
cracks that have been generated can be re-bonded at high pressure and temperature, it is 
impossible to re-bond all of the cracks. The cracks remaining compromise the strength of the 
sintered material. 

The second problem pertains to the load of the high pressure applied to solve the 
aforementioned first problem. That is, as a high pressure is applied, the aggregate of the diamond 
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particles are forcibly compressed, so that the temperature rises adiabatically. As long as the high 
pressure is applied, the temperature rises. Consequently, an undesirable high temperature is 
reached, which favors graphite formation, as opposing the efforts to avoid graphite formation 
made by increasing the particle size, and the necessary hardness of the sintered material cannot 
be maintained. 

The third problem arises when said problems are solved and a sintered material is /3 
formed. It is well known that the cleavage plane of diamond is the (1 1 1) plane. That is, when 
stress parallel to the (1 1 1) plane is applied, the diamond can be easily divided along said plane. 
Consequently, when a monocrystalline diamond tool is used directly on either natural or 
synthetic diamond, caution should be exercised to avoid applying the main stress along the (1 1 1) 
plane. However, despite any precautions taken made, the diamond is loaded with stress in every 
direction when it is used as a tool. Due to this natural phenomenon, the diamond tool made of 
monocrystalline diamond will surely soon be damaged due to cleavage. In order to avoid this 
problem, plural particles are randomly set and sintered to form a high-strength integrated sintered 
material for use as a tool. As far as the fine structure of the sintered diamond is concerned, the 
individual particles are monocrystalline, and each of them has said problem of cleavage. 
Consequently, when the sintered diamond body is used as a tool for cutting, scribing, drilling, 
etc., because a locally concentrated impact stress is applied, the strength of the individual 
particles becomes a problem. For these particles, the cleavage property appears, and as stress is 
applied at an angle near the (1 1 1) plane, the particle are easily damaged. In some cases, the 
cracks propagate to the adjacent diamond particles, leading to quick wearing out of the sintered 
material. In summary, even for a sintered material consisting of particles set in random directions, 
since it is a collection of monocrystalline particles from the microscopic viewpoint, the 
aforementioned disadvantage remains. 

Means to solve the problems 

In order to solve the aforementioned problems, the present inventors performed extensive 
theoretical and empirical research. As a result, the present invention was reached. 

First, the present inventors have studied the measures for addressing the aforementioned 
three problems. 

(1) The problem that voids are large due to the use of large particles so that a high impact 
is needed, leading to the generation of cracks can be solved by reducing the diamond particle 
size of the raw material and using diamond particles which do it easily crack. 

(2) With the scheme of the preceding section, since no large particles are used, there is no 
need to apply high impact. Instead, lower impact is enough to realize sintering. Consequently, no 
temperature higher than what is needed is generated, and graphite formation, which is 



5 



detrimental to maintaining the strength of the sintered material can be avoided. However, if the 
particles are too small, since high temperature is generated selectively for the entirety of the 
particles during the sintering operation, said detrimental graphite formation takes place, so that 
the necessary hardness cannot be obtained. However, when particles of 500 nm or larger are used 
as described in the preceding section, graphite formation can be minimized. According to various 
experiments, in order to minimize cracking through the diamond particles, the prior art is unable 
to form the desired sintered material. Consequently, the measure to be explained below is needed. 

(3) According to said second section, in the prior art, even when the impact strength is 
taken fully into account, it is still impossible to form a sintered material that can be used as a tool 
material with minimum harmful graphite formation. As the individual diamond particles have 
their single-crystal properties maintained even after the sintered material is formed, it is 
impossible to solve the aforementioned problems. As a result, said problems cannot be avoided 
as long as monocrystalline diamond particles are used. Consequently, the present inventors 
needed the fact that the diamond synthesized under the impact ultra-high pressure generated 
during collision with a metal plate or bullet emitted by the ultra-high pressure generated during 
the explosion of an explosive, gunpowder gun, 2-stage type light gas gun, or electrical method 
(hereinafter to be referred to as impact synthesized diamond) is of polycrystalline form. If it is 
mixed with the conventional monocrystalline diamond for use as the sintering raw material, the 
problems that used to take place when only monocrystalline diamond particles alone are sintered 
can be solved. As a matter of fact, in the sintered material, there is no directionality in the crystal. 
Consequently, for both the natural and synthetic forms, the cleavage property of the 
monocrystalline diamond is entirely avoided. Instead, the obtained sintered material has 
excellent wear resistance and impact strength, much better than those of the conventional 
sintered diamond. The polycrystalline form of the impact synthesized diamond means that plural 
very fine single-crystal particles, each very small in size (known as primary particles), are 
aggregated to form particles (known as secondary particles). The size of the primary particles is I A 

10-100 nm, and the size of the secondary particles is tens of nm-hundreds of (im. When 
secondary particles each as an aggregate of primary particles of 100 nm or smaller are sintered 
virtually free of inclusions, the entire sintered material has 100-nm or smaller single-crystals set 
randomly in it to form an integrated body. For the very fine single-crystals of 100 nm or smaller, 
cleavage is not a problem at all. Consequently, if a sintered material is made of the impact 
synthesized diamond as raw material, there is no directionality at all, and an overall 
homogeneous ideal diamond is obtained. Also, when a mixture of the impact synthesized 
diamond and the conventional monocrystalline diamond is used as the sintering raw material, 
because the monocrystalline diamond is mixed with the polycrystalline diamond, even when a 
certain monocrystalline diamond particle is damaged, propagation of the damage is stopped with 



6 



the adjacent poly crystalline diamond particles. As a result, the damage is minimized. In addition, 
unlike the prior art, in which the particle size of the raw diamond powder must be 500 nm or 
larger to form an impact synthesized diamond using the conventional monocrystalline diamond, 
in the present invention, as a mixture of the impact synthesized diamond and the conventional 
monocrystalline diamond is used as the sintering raw material, the diamond sintered material 
obtained during sintering under the impact has excellent performance if the particle size of the 
impact synthesized diamond is in the range of 500-100 nm In this case, if the proportion of the 
diamond particles of 100 nm or smaller is over 1%, due to the high temperature during the 
impact load and the residual high temperature when the pressure falls to atmospheric pressure, 
said small particles are converted to graphite preferably, and the hardness of the diamond 
sintered material decreases. Also, the "particle size" or the "particle diameter" in the present 
invention refers to the average value of the maximum size and minimum size of the particles. 

The diamond sintered material containing unified particles of the present invention 
contains graphite converted from a minute quantity of diamond at a high temperature. It is 
believed this is the result that the portions protruding partially from the surface of the impact 
synthesized diamond of an undefined form are locally exposed to the high temperature of the 
instable region of diamond. Graphite is a soft material used as a solid lubricant, and its presence 
in the diamond sintered material which is required to have high hardness and strength, is 
undesired. However, for the diamond sintered material with ultra- fine particles of the present 
invention, the performance is better than that of the commercially available diamond sintered 
material prepared under ultra-high pressure of the prior art, and there is little problem. Instead, 
this is believed to be a characteristic feature of the diamond sintered material of the present 
invention. 

Effects of the invention 

For the sintered material of the present invention, the impact synthesized diamond and 
the conventional monocrystalline diamond are mixed for use as the sintering raw material, and 
sintering is performed under impact. Because the monocrystalline diamond and polycrystalline 
diamond are mixed with each other, even when a certain monocrystalline diamond particle is 
damaged, propagation of the damage can be stopped with the adjacent polycrystalline diamond 
particles. Consequently, the damage can be minimized. Due to this effect, the diamond sintered 
material of the present invention can be used for cutting tools, die, digging tools, and wear 
resistant materials, without any cleavage property of the natural or synthetic monocrystalline 
diamond or the sintered diamond of the prior art prepared from natural or synthetic 
monocrystalline diamond as the raw material. This is a brand new type of high-quality sintered 
material. 



Application examples 

In the following, the present invention will be explained in more detail with reference to 
application examples. 

Application Example 1 

Sintering raw material (2) prepared as a mixture of 35% of diamond particles prepared by 
explosion impact and with particle size of over 99% of the particles in the range of 200-500 nm 
and monocrystalline diamond particles prepared using static ultra-high pressure and with over 
95% the particles having particle size in the range of 1-3 (im was filled in capsule portion (1), 
which is a sample container with cross-sectional view shown in Figure 1, is made of cylindrical 
SUS 304 stainless steel with outer diameter of 25 mm and height of 30 mm, having a sample 
chamber with diameter of 12 mm and depth of 27 mm, and having female threads over a depth of 
12 mm in the inlet portion of the sample chamber. Then, lid (3) also made of SUS 304 copper, 
measuring 22 mm in height and 12 mm in diameter and having male threads in a portion with a 
length of 10 mm on one end of the side surface was applied and screwed on. On lid (3), hole (4) 
with diameter of 1 mm is formed beforehand. After the diamond particles were sealed in, the unit 
was kept in a 10" 5 torr vacuum furnace at 400°C for 4 h to remove the adsorbed oxygen. After 
the end of the removal operation of oxygen, the evacuation hole was sealed in vacuum with a 
brazing metal to maintain the internal vacuum. 

The quantity of the diamond sealed in it is 1.32 g, the bulk specific gravity is 2.33 g/cm 3, 
and the relative value with respect to the true specific gravity of diamond is about 66.4%. 

In the similar way, a total of four capsules were prepared. The capsules were loaded with 
lid (3) of each capsule facing downward in 25-mm-diameter holes of an assembly known as 
Moment Trap made of SS 41 steel with cross-sectional view shown in Figure 2 and consisting of 
sample accommodating part (5) prepared by forming four 25-mm-diameter holes with wall 
perpendicular to the plane equidistantly with diameter of 45 mm on the plane of a circular plate 
with diameter of 80 mm and thickness of 30 mm, ring (6) with outer diameter of 120 mm, inner 
diameter of 80 mm, and thickness of 30 mm, and circular plate (7) with diameter of 120 mm and 
thickness of 30 mm. The entirety was buried, with the side of sample accommodating part (5) 
facing upward, in clay (9) filled in lidless polypropylene container (8) with depth of 120 mm and 
diameter of 200 mm. Then, wood plank (12) was set on steel vessel (11), filled with water (10) in 
an explosion silencer, and constitution (13) of the samples, etc. was carried at the center of the 
vessel. On the central portion of SS41 steel plate (14) measuring 3.2 mm in thickness and 150 
mm as each edge length, a circular plate shaped molding of explosive (15) measuring 30 mm in 
thickness and 120 mm in diameter and having specific gravity of 1.64 g/cm 3 and explosion speed 
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of 9,000 m/sec was carried. Wood pieces ( 1 6) with height of 30 mm, width of 30 mm and 
thickness of 15 mm were set at the four corners of steel plate (14) so that the bottom surface of 
steel plate (14) and the upper surface of constitution (13) were parallel to each other and with a 
distance of 30 mm from each other. Also, plane wave generator (17) is carried on the upper 
surface of the explosive, and #6 electric fuse (18) was installed. As current was fed to it, an 
explosion of explosive (15) took place, so that steel plate (14) on the lower side of explosive (15) 
moved at high speed and collided at a speed of 2.8 km/sec parallel against the upper surface of 
constitution (13). In this case, the pressure generated at the impact surface between steel place 
(14) and the SUS 304 stainless steel on the surface of constitution (13) was 71.8 GPa (about 
730,000 atm) at the measurement site. 

Constitution (13) impacted with said steel plate was hit into water (10) filled in vessel 
(1 1), and it was then recovered from the bottom of vessel (1 1). In constitution (13), although 
sample accommodating part (5) and ring (6) were damaged seriously, capsule (1) with lid (3) 
was kept nearly in its original shape, although certain deformation was observed. 

The end of the opposite side of lid (3) of recovered capsule (1) was cut on a lathe until 
the surface of the filled diamond was exposed. It was found that the entire diamond became a 
reliably bonded sintered material. 

The surface of the obtained diamond sintered material was polished with a diamond paste 
with particle size in the range of 5-10 (im to a smoothness that allows test of the juVickers 
hardness. Then, under a load of 1 kgf, the nVickers hardness was measured. It was found to be 
(on average) 4,830 kgffmm 2 (n = 12) on the surface of incidence of the impact wave, and (on 
average) 6,320 kgf7mm 2 (n = 12) on the surface of the opposite side. 

The density of the obtained sintered material was measured using the Archimedian 
method, and it was found to be 3.29 g/cm 3 , and the relative density with respect to the true 
density of diamond of 3.51 g/cm 3 is 93.7%. 

The surface of the obtained diamond sintered material was checked with X-ray 
diffraction test, and it was found that a little graphite with a wide diffraction angle is present on 
both the upper and lower surfaces of the circular plate. 

The sintered material with diameter of about 12 mm and thickness of about 3.5 mm was 
cut into a cruciform shape with a laser beam. As a fan-shaped chip, where each edge is about 5.8 
mm and the apex is 90°, the diamond sintered material was attached to the end of a steel handle 
12.7 mm square and 150 mm long, with the diamond sintered material wrapped in the brazing 
metal to form a bit to be tested. As a control, a similar bit was prepared from a commercially 
available diamond sintered material containing Co and prepared by means of static ultra-high 
pressure sintering. 
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Then, a cylindrical sintered material prepared by baking a molding of a mixture of 92 
wt% of WC powder and 8 wt% of Co powder at 900°C for 1 h and measuring about 100 mm in 
diameter and about 250 mm in length was cut with the bit prepared by attaching the diamond 
sintered material of the present invention. The cutting conditions include a circumferential speed 
of 55-30 m/min, a cutting depth of 0.3-0.5 mm, and feeding speed of 0.2 mm/rev. In this way, 
cutting was performed for 2 h, and when the cutting sensation decreased slightly, the test was 
ended. The blade of the sintered material was observed on a 20X 3-D microscope, and it was 
found that the tip retracted by 0.28 mm due to wear. 

Then, the same cutting test was performed using said bite prepared from the 
commercially available diamond sintered material containing Co. It was found that at 13 min 
after start of cutting, the blade was damaged, and cutting could no longer be carried out. 

Comparative Example 1 

The experiment described in Application Example 1 was repeated. However, in this 
example, the filled diamond was prepared by means of a fusion catalyst under a static ultra-high 
pressure. The individual diamond particles were monocrystalline. Also, over 99% of all of the 
particles have size in the range of 250-500 nm. 1 . 18 g of said sample was filled in a capsule of 
the same size as that used in Application Example 1 . In this case, the bulk specific gravity is 
2.08 g/cm 3 , and the relative value with respect to the true specific gravity of the diamond is about 
59.4%. 

The recovered capsule was cut in the same way as in Application Example 1 to expose 
the diamond portion. At first glance, it appeared to have been reliably sintered. 

As in Application Example 1, the jiVickers hardness was measured, and it was found that 
the hardness was (on average) 3710 kgffmm 2 (n = 12) on the surface of incidence of the impact 
wave, and it was (on average) 4920 kgtfmm 2 (n = 12) on the surface of the opposite side. 

Also, the surface of the diamond sintered material was checked with X-ray diffraction 
test. Peaks indicating diffraction of the (002) plane of graphite with a wide diffraction angle was 
observed on both the upper surface and lower surface of the circular plate, indicating presence of 
a minute quantity of graphite. The value obtained by dividing the height of the diffraction peak 
with the height of the (1 1 1) peak of the diamond was found to be 0. 18, as compared with the 
value of 0.03 in Application Example 1. This indicates that it has a higher graphite formation 
degree. The |iVickers hardness was found to be less than in Application Example 1, and this 
might be the reason. 

Then, just as in Application Example 1, a bite for cutting test was prepared from the 
obtained diamond sintered material, and then the same cutting test was performed. As a result, it 
was found that the bite tip was broken at 8 min after the start of the cutting operation. This is 
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even worse than the result obtained with the commercially available diamond sintered material 
by means of static ultra-high pressure sintering. 

A pplication Examples 2-6 

The experiment as in Application Example 1 was repeated, except that the particle size 
and the type of the diamond particles, and the speed of collision of the steel plate with the 
surface of the capsule with the diamond sample accommodated in it were different. Table 1 lists 
the conditions and the results. In the table, the "filling rate" refers to the percentage of the bulk 
specific gravity when the diamond particles are filled with respect to the true specific gravity of 
3.515 g/cm 3 of the diamond. Also, the generated pressure refers to the pressure generated at the 
impact surface between the steel plate and the stainless steel capsule. 



11 



Table 1 




Key: 1 Application Example No. 

2 Type and particle size of diamond, mixture %, filling rate % 

3 Impact speed 

4 Generated pressure 

5 Results 

6 Impact synthesized diamond: 500 nm-2 \im: 20% 
Monocrystalline diamond: 3-5 \im: 80% 
Filling rate: 61.8% 

7 Impact synthesized diamond: 200-500 nm: 90% 
Monocrystalline diamond: 1-2 (im: 10% 



Filling rate: 63.2% 

8 Impact synthesized diamond: 100-500 nm: 95% 
Monocrystalline diamond: 5-10 ^m: 5% 
Filling rate: 58.1% 

9 Impact synthesized diamond: 100-500 nm: 5% 
Monocrystalline diamond: 5-8 (im: 95% 
Filling rate: 60.7% 

10 Impact synthesized diamond: 500 nm-5 (im: 25% 
Monocrystalline diamond: 3-5 (im: 75% 
Filling rate: 68.0% 

1 1 Good sintered material was obtained. 
Vickers hardness of 5,300-6,800 

Ratio of the peak value of (1 1 1) plane of diamond in the X-ray diffraction to the 
peak value of (002) plane of graphite: 0.06 

12 Good sintered material was obtained. 
Vickers hardness of 5,500-7,100 

Ratio of the peak value of (1 1 1) plane of diamond in the X-ray diffraction to the 
peak value of (002) plane of graphite: 0.08 

1 3 Good sintered material was obtained. 
Vickers hardness of 5,500-6,600 

Ratio of the peak value of (1 1 1) plane of diamond in the X-ray diffraction to the 
peak value of (002) plane of graphite: 0. 10 

14 Good sintered material was obtained. 
Vickers hardness of 5,800-6,900 

Ratio of the peak value of (1 1 1) plane of diamond in the X-ray diffraction to the 
peak value of (002) plane of graphite: 0.03 

1 5 Good sintered material was obtained. 
Vickers hardness of 6,100-6,950 

Ratio of the peak value of (1 1 1) plane of diamond in the X-ray diffraction to the 
peak value of (002) plane of graphite: 0.03 

Brief description of the figures 

Figure 1 is a diagram illustrating the capsule for accommodating the sample. 

Figure 2 is a cross-sectional view illustrating the Momentum Trap and the recovering 
vessel for performing impact processing and recovery of the sample. 

1 Capsule portion 

2 Sintering raw material 

3 Lid 

4 Hole for evacuation 

5 Sample accommodating part 

6 Ring 
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7 Circular plate 

8 Vessel 

9 Clay 

10 Water 

1 1 Vessel 

12 Wood plank 

13 Constitution 

14 Steep plate 

15 Explosive 

16 Wood piece 

17 Plane wave generator 

18 Electric fuse 




Figure 1 




Figure 2 



